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SUMMARY

Stabilization of the Elementary Particle by Self-Gravitational

Foroces

A claseiocal spherical model of the elementary partiole
is alweys used to prove that self-gravitational effects in the
elementary particle, such as the electron, are insignificant
compared with electric effects and are, therefore, of no con-
sequence. Considerations of cosmical, force-free configurations
and forece-free configurations recently produced in the labora-
tory suggest a force-free torus model for the elementary
particle, With a torus model, it 6an be shown that self-
gravitational effectscan be comparable to electromasgnetic
effeote in the elementery particle and that the electron and
proton can, therefore, be stabilized by self-gravitational

forces.



Stabilization of the ilementary Particle by Self-

Gravitational Foroes

Thie essay will attempt to demonstrate that with appro-
priate torus models of the elementery particles, it is possidble
to stabilize the electromasgnetic fleld of,auak vartioles by means
of the self-gravitational foroces spsoclated with that eleotro-
nagnetic fleld. J

Hecent theoreticsl work in astrophysical hydromegnetios
by Sohluter end Chandresehkar has shown that there may exist
in the cosmos,force~free configurations consisting of eleotrically-
aonducting hydrogen plesma (protons srd electrons in equsl numbers)
and megnetic flelds where the electric current, megnetiec field,
and mess motione are all parallel.

For any practiocel force-free configuration involving plesma
snd magnetio field,such ag 2 torus of plasma with magnetic field lines
which thread it helieally with pitch angles varying from 90° at
the annular axis to approximately zero st the periphery, true
equilibrium is possible oﬂly Af there is some oohesive force like
gravitational foroes to counteract the general expanding effects pro=-
duced by the megnetlo flelds and the thermal energy of the plassma.
On a8 cosmic soale, the masses oan be large enough for gravitationml»
forees to supply this necessary stabilizing influence. 4 force-
free cosmiocal oconfigurstion can be expeoted to have no distorting
forces to chanpge the confilguration., One ocsn imagine that nsature

1g motually aware of the possibility of such 2 configuretion, that



she covets this equilibrium condition, end that sny non-equilibrium
configuration of plasma, electric ourrents, =and magnetic fields,
in whioh there are unbalanced forees, will be pushed by these
foroes instinotively into the shaps of the foroe-~free configuration.
The importance of such foroe-free configurstions to the
orgenizetion of the 6O81os is underscored by a realization that
about 99% of the mass of the Universe is in the form of inter-
stellar hydrogen, & large frection of which mey exist in the
fonized state, snd that nature seems to be sble to produce magnetloc
fi2l1ds at will in fluid conducting bodies where tle magnetio
Eeynolds numbers are high (viz. the sun, the star, the galaxles).
In 1955 the importsnce of developing.faroe-free coils for
the production of high magnetio fields in the laboratory wmng e
- pointed out by levine, Furth, asnd Wannlek, Within the lest few
months, Levine and Konoius have demonstrated that a megnetic
field of 120,000 gauss can oe produced by a force-~free laboratory
coll made of & thin shell of copper which would otherwise be
orushed by such & high éagnetic Tield pressure. Thelr foroe~free
‘aoil is, of course, only an approximation to s true force-free
configuration. In place of self=-grsvitational forces of the coil (wh
fhich on the leboratory sosle are too small to bs of any conse-
quence ), levine and Konoius supply a» rigild surrounding yoke whioch
counteracts the ganéral tendency to expand, The coll then re-
téins it shape at these high fields. Thus man hes been able to
construet with éuppﬁr in the leboratory sn approximation to the
foroe~free principle which he helieves may de Operativé on &

ocosnicsl scale, at least 1022 larger than his laboratory colil.



In late 1955 snd early 1956, Bostick and Twite were able
to produce snd photograph luminous plasma Jets which, when fired
across 8 magnetic flield in the presence of a conducting medium,
exhibit the instinet and ability to organize'themselves into
helixes, barred spirsls, many-srmed spirals, or ring spirals.
Theoretical scaling arguments together with the fidelity with
which such gelactic configurations can be reproduced in the
laboratory gilve us a good hydromagnetic hypothesis for the ex-
plenetion of the galactic arms and the deseription of the
galactic magnetic fleld, Indeed, this new understanding can lead
ﬁs to formulate an electric current pattern which shows how the
galaxy can be a regenerative self-excited dynamo which continuous-
ly transforms gravitational energy into galactic magnetic-field
energy. Experimental evidence suggests that some of thesge labora-
tory configurations may be force-free toruses. The toruses in
this cese are lmmersed in an externally exclted megnetic field,
thé coils of which bear the forces which would otherwlse expand

the torusesn,

In passing from the cosmical force-free configurations to
the laboratory force~free dimensions of about 10 cm, we have en-
geged in & dimension reduction by a factor of at least 1022, with-
out "shaking® the foroe-free principle. VWe now invite the reader
to let his imasginatlion engege in a further reduction by a factor
of 1014 to the scale of the elementary particle, We propose &
hydromegnetic torus modél of the elementary particle, and in this

yroposgal, we have an advantage over the classical models of Lorentz
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and Kelvin because we now have knowledge of the subjJect of
hydromagnetics which 1s only about 12 years old.

The renormelization program of the new quantum electrodynamics
has bheen successful in camouflaging the difficulties involved
with the infinite self-energy of a point-charge elementary
particle. But the present quantum electrodynamics is powerless
to answer the question of how the electric and magnetic flelds .
aggsoclated with the elementary particle can exist in a stable
configuration, With the hydromagnetic~torus model we attempt
to answer such a question. In the siéaest hydromagnetic model
we assume that the charge e of the elementary particleigs
uniformly distributed over the shell of a torus of large radius
R and small radius r., If this charge is in eirculation with
a veloelty o, there is equilibrium of the electric fleld E
and magnetic fleld H about the small radius ro,i and the
angular momentum carried by the poynting vector will prevent
the sa@%ge and kink type of instability, to which the ordinary
rinch effect is subject. However, there will be a general
expanding tendensy to inerease the large radius RB. Such a
particle would thus be unsteble, like a T or M4 meson.

Its rest massenergy mocz should be equatgé to 1tg electromagnetic-
field energy, Ef = jgﬁ;;ﬁgﬁ:*’ H2>d\/ = g— (\ +%~z@k\.g//’20) .
The radius R for torus models can be determined from the

measured magnetic moments to be R=aj§ for the electron, and
m,C
e
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R ==5;“E: for the proton. The determination of B for the mesons
P
i more difficult because of our lack of knowledge of their
% .
ngnetic moments. For example, if , for the /4 meson, we should
uee a value of K equal to that for the proton, the relationship
LAY 7 -~
E.= m_o2 gives a value of /@m,€%==/37 « Indeed, with (g@m E%’;_/Z}?
f o : [} ’ /;?Q
the angular momentum carried by the poynting vector, calculated
~ = (2e% ) L ? ,
on a olassicsl basis for this model to be (SIZ wC 49’”‘%““-3
gives a value of spin equal approximately to %,
To produce a torus model of a2 steble particle, like the
electron or proton, it wlll be necessary to invoke a cohesive
force such as & self=-gravitational force, Just as a truly stablilized
foroce-free cosmical configuration must have self-gravitational forces,
For the last half century, physleists have been glibly showing

by a simple Newtonian caloulation that the self-gravitational
a
Gm¢

[
than the eleotrical energy,tand that hence the gelf-gravitationsl

potential energy of the electron, — s is o much smeller

forces cannot be of any consquence in the construotloqbf the
elementary particle (ra is the classiocal radius of the electron,
and G 1s the gravitational constant, 6.67 10“Bogs). The se
calculations use a spherical model. If, however, we now use a
torus model it is easy to show that the sself-gravitational

potential energy E_  associated with the mass density distribution,

g
2

(E¥+n 2/%17@1‘ , San be made comparable in megnitude with the
electomagnetic field energy Ef. Thus we can thiank in terms of a torus

model stabilized by self-gravitatical forces. This stability, €4
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a simple Newtonian calculation, involves wvery small values

| e/ . ot
of rq. Indeed, for the electron /&m 4%-—/05X/8 , but still
there are no gg}i:gé}gy infinitles to cope with as there are
in & point distridbution of charge. We are not dismayed by the
hapd-headed, long-«halired interpretations of the uncertainty
principle which would clessify small dimensions such as rp
o8 unobservable and therfore non-existent. Although we will
never be able to see beyond the radius of the observable universe,
our imagination can transport us into the region beyond to
assure ug that in that region there certainly do exist galaxies
and stare. In like manner our imagination has the privilege of
transporting ss beyond the limlits of the uncertainty principle
to ingquire into the reasons for the exlstence snd stabllity of
elementary particles.

We cen now understand in a new light Einstein's first cosmo-~
Jogical solution in which he calculated that the eleotromagnetic
field was condensed into elementary particles by an average
coheglve pressure p:-ﬁz‘ where p is the average mass densilty
of the Universe and the radius a of the Universe is given in
terms of the mass M of the Universe by a=2 Gﬂﬁﬁta . He had
both the expansion of the Universe and sontinuous creation in
his hand with this solution if he had only known st the time that
a should increase with time. The Einstein cohesive pressure
jp=~62i we now identify per partiecle (eleotron and proton) with
our self-gravitational potential energy E, ir. the torus model,
snd since E+ By must equal /moca 5 Ey- 3{;; (rnaca3
and Eg :~gg nmbCz . The Einstein density © is identified per
particle with /moc"z (= E)(H;g) . The density P’ of electro-
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magnetic field energy alone (without the correction due

to Eg) is that given by Hoyle, ﬁff 33;{;(}al , for con~-
tinuous creation. Furthermore, sccording to the solution by
Zinstein, the rest mang%?%a particle)m\ocfw is approximately
equal to gravitationsl potential energy of a particle of mass
M, 1n the Universe of mass M since nmocag'CSPA”“°Am « Thus
it 1s quite likely that the entire energy of the Universe is
and always has been zero. Continuous oreation can be understood
in a simple Newtonlan sense as a transaction in which no net
energy 1s oreated: when positive energy, ,«nodL comeg into
being the Universe takes an equal negative step in its gravita-
tional potential energy.

To prevent a collapse of the model into a negative
gravitational infinity, 1t 1s necessary to have the charge
distributed throughout the volume of the torus and to have the
magnetic field lines thread the torus hellically in force-free
faghion. The angular momentum of the poynting vector can thus
prevent the collapse of the torus about /i, . These helical
magnetic field lines can he expected to twist the elementary
particle into 2 helix which will then exhibit a wave length
whiéh cen be identified with the de Broglie waves. Indeed,
we c¢an bring forth descriptions which will maske it plausible
that such a particle can pass through two slits at once and
produce appropriate diffraction effects.

Thug the hydromsgnetic torus model promises a rich
insight into questions such as the origin, stability, end

behavior of matter in the Universe.





